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Canine cutaneous T-cell lymphoma (CTCL) is a morpho-
logic and immunophenotypic simulant of human mycosis 
fungoides (MF) characterized by an infiltrate of atypical, hy-
perconvoluted, epidermotropic T cells. To further support 
our hypothesis that canine MF is a useful model for the study 
of human CTCL, we have used Southern blotting to search 
for clonal T-cell proliferations in canine MF. Cellular DNA 
was extracted from normal dog buffy coat cells (n = 8), le-
sional canine MF skin (n = 8), canine MF huffy coat cells 
(n = 7), normal dog skin (n = 3), and normal human buffy 
coat cells (n = 5), digested with a panel of restriction en-
zymes and Southern blot~ed onto nylon membra?-es. AI~ cases 
of canine MF were also Immunophenotyped WIth antI-can-
ine monoclonal antibodies to CD4, CD8, CD18, CD45RA, 
canine class II, T-cell activation antigens, and pan- B-cell 
antigens. Normal dogs gave reproducible digestion patterns 
in blood and skin, which differed from the human germline 
patterns when probed with a human T-cell receptor (TCR), 
M ycosis fungoides (MF) is a cutaneous T-celllym-phoma (CTCL) that is difficult to diagnose and equally challenging to treat [1] . In humans, this disease is characterized by erythematous scaling patches, plaques, and tumors that can have a clini-
cal course varying from an indolent disease spanning 20 + years, to a 
rafidlY progressive fatal disease with extensive visceral involvement [1 . Although advanced-stage MF has remained recalcitrant to most 
treatments, several studies have suggested that aggressive therapy, 
instituted early in the disease, may provide a greater chance for 
long-term survival and potential cure [2-5]. A similar lymphoma 
has been recently recognized in dogs and has been referred to as 
canine MF or canine cutaneous lymphosarcoma [6-10]. Reports 
from the veterinary literature describe this disease as an epidermo-
tropic lymphoma with predilection for the follicular epithelium 
and epidermis [8-10]. 
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beta chain constant region (CP) cDNA. Common germline 
bands between the species included the 3.5-kb Eco RI, 3.4-kb 
Bam HI, 5.4-kb Sac I. These results confirmed that the 
TCR-P gene is evolutionarily conserved between dog and 
man. Immunostaining revealed that 3/7 cases were CD4+ 
canine CTCL and 4/7 were CD8+ canine CTCL. Rear-
ranged bands, deletion of gennline bands, as well as minor 
alterations in electrophoretic mobility were observed in le-
sional DNA from seven of eight cases of canine MF, with at 
least two restriction digests in each case. Dog rearrangements 
were best detected with Bgi II, Eco RI, Eco RV, and Sac I, 
whereas deletions were detected with Bgl II, Sac I, Eco RV, 
and Bam HI. These studies demonstrate the presence of 
clona~ T.C~ rearrang~ment in canine MF, further supporting 
the simllanty of thIS tumor to human MF and its role 
as an animal model of CTCL. Key words: evolutional con-
servation/animal models/South em blot. ] Invest Dermatol 
102:227 - 230, 1994 
W e .ha~e recently reported that canine MF is a T -cell lymphoma 
that mimics human CTCL ultrastructually and immunophenotypi-
cally [11] . Naturally occurring lymphoma in dogs has been previ-
ously proposed as a model for the study of lymphoma in humans 
[12] . The benefits of canine tumors as comparative models of human 
maligna.ncies have been well reviewed [13 -15]. Spontaneous 
tumors 111 dogs and cats are similar to human tumors in location, 
biology, natural history, clinical staging, histology, and grade. In 
the current report, Sou.thern blot techniques were used to probe 
DNA specimens of leslOnal canine MF to assess for clonal gene 
rearrangements in the T-cell receptor (TCR) as has become com-
mon in the assessment of human CTCL [3]. We confirm that the 
TCR beta chain constant region (CB) is conserved between dogs 
and humans [16] and present evidence further supporting the canine 
MF model by demonstrating clonal rearrangements of the TCR Cp 
chain in seven of eight dogs with canine MF. 
MATERIALS AND METHODS 
Patient Specimens Tissue samples and initia l case screening was per-
formed by one of us (R WD). Two 6-mm punch biopsies were obtained from 
each of eight dogs with canine MF (with owner consent) at the time of 
diagnostic biopsy and snap frozen in liquid nitrogen. Cases 1 and 2 were 
included in our recent report detaiiing the immunophenotype of dermal 
dendrocytes and T cells in canine MF [11]. whereas the others were newly 
diagnosed animals. Peripheral blood leukocytes (n = 7) were obtained from 
canine MF cases, whereas normal dog skin (n = 3) and leukocytes (n = 8) 
were obtained from healthy laboratory animals during operative procedures 
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Table I. Lymphocyte Immunophenotyping in Canine Mycosis Fungoides 
Case CD4/CD8 T-Cell Anti-Human 
Number CD4' CD8' Ratiob CD18' Activation Pan-B-Cell CD45RA Class II TCR-P 
l ' 4 0 15.0 4 2 0 0 0 2 
0 0 5.0 4 NDJ 0 0 0 NDJ 
2' 2 1 3.0 4 0 0 0 0 2 
4 1 8.0 4 0 0 0 0 NDJ 
3 1 4 0.13 4 0 0 0 0 2 
4 3 2 1.5 4 0 0 0 0 2 
5 0 4 0.04 4 0 0 0 0 1 
7 1 4 0.33 4 1 0 0 0 0 
8 0 2 0.25 2 1 0 0 0 0 
'Average score of 5-10 40 X high-power fields based on the following scale: 0 s 10% of dermal lymphocytes positive; 1 = 10-25% of dermal lymphocytes positive; 
2 = 25 - 50% of dermal lymphocytes positive; 3 = 50-75% of dermal lymphocytes positive; 42: 75% of dermal lymphocytes positive. 
I Ratio based on average number of lymphocytes in at least 10 40 X high-power fields. 
, More than one specimen analyzed from cases 1 and 2; case 6 not immunostained. 
; ND, not done. 
involving general anesthesia. Normal human leukocytes (n = 5) were ob-
tained from healthy laboratory volunteers with informed consent. 
Immunophenotyping of Canine MF Murine monoclonal antibodies to 
canine leukocytes included canine class II (TH14B, CA2.1C12), CD4 
(CA13.1E4, 8.53, 12.125), CD8 (CA9.JD3, 4.78, 1.140), CD45RA 
(CA4.1D3), CD18 (CA1.4E9), pan-B-cell antigens (surface immunoglob-
ulin, CA2.1D6), and T-cell activation antigens (CA6.1A7, MdTP-l). Anti-
bodies 4.78, 12.125, and 1.140 were a generous gift of Douglas Gebhart, 
North Carolina State University; TH14B and the polyclonal anti-canine 
surface immunoglobulin antibody were purchased from VMDR, Pullman, 
W A. The remainder of the antibodies used were produced and characterized 
in the laboratories of one of the authors (PFM) and have been characterized 
by us previously [11]. A monoclonal antibody to human TCR Cp 
(PF1[working dilution 1: 10], T Cell Sciences, Cambridge, MA) was used to 
look for expression of TCR P gene products as previously reported [1 7]. 
Monoclonal antibodies were used in a standard immunoperoxi4ase staining 
assay on 4-llm cryostat sections (avidin-biotin peroxidase complex technique 
as reported in [11]) in all cases of canine MF. 
TCR Gene Rearrangements in Canine MF Standard techniques of 
DNA extraction and Southern blot analysis were used as reported elsewhere 
[18]. In brief, punch biopsy specimens were minced and solubilized in so-
dium dodecylsulfate/proteinase K followed by phenol/ choloroform extrac-
tion and alcohol precipitation. DNA yields were quantitated by measuring 
absorbance at 260 nm. Five-microgram aliquots of DNA were then digested 
with 10 U restriction endonucleases including Eco RI, Eco RV, Hind III, 
Barn HI, PstI, Sad, BglII, andMsp Iat37°C X 60 min. Digested DNA (3-5 
IJ.g) was then applied to a 0.8% agarose gel and electrophoresed at 35 V X 
12-18 h. The gel was then stained with ethidium bromide, photographed, 
and transferred onto a nylon membrane by capillary blotting using 10 X 
sodium chloride and sodium citrate (1 X SSC = 0.15 M sodium chloride 
and 0.015 M sodium citrate, pH 7.4) gradient through the gel overnight. 
Nylon filters were then baked at 80°C X 1 h prior to incubation in prehy-
bridization solution. A 32P-labeled (random primer technique), 450-basepair 
TCR Cp cDNA probe was used, which was an Ava II-Pst I fragment of a 
Jurkat 1 subclone [19] was then hybridized with the fi lter at 42°C X 12 h 
with constant agitation. Filters were washed at moderate stringency (0.1 
SSC, 0.1 % sodium dodecylsulfate at 47°q and exposed to x-ray film be-
tween intensifying screens for 1-14 d. Normal human and dog leukocyte 
DNA were included in each experiment as controls. 
RESULTS 
Immunophenotyping of Canine MF Specimens The im-
munophenotyping results of seven cases of canine MF are summa-
rized in Table 1. The immunostaining results of first two dogs were 
included in our previous report [11], whereas the remaining were 
animals recently diagnosed with canine MF by our group. All ani-
mals were noted to have a dense infiltrate of atypical lymphocytes in 
the dermis with significant epidermotropism and folliculotropism 
as reported previously [7,8,13]. Table I demonstrates that three of 
seven cases of canine MF were predominantly CD4+ CTCL, 
whereas four cases expressed CD8 on the majority of atypical 
lymphoid cells cases, illustrating the immunologic heterogenity of 
this tumor. The anti-human TCR Cp antibody stained 10- 50% of 
canine lymphocytes in six of the eight cases (see Table I) . 
Southern Blot Analysis ofTCR in Normal D ogs Peripheral 
blood leukocytes (n = 8) and skin (n = 3) from normal dogs were 
studied and reproducible germline digest patterns were found with 
each of endonuclease used. These patterns differed from the germ-
line pattern of humans at most alleles. Common bands between the 
species included the 3.5-kb Eco RI, 3.4-kb Bam HI, and 5.4-kb Sac 
1. These results confirm that the TCR-P gene is evolutionarily con-
served between dog and human, as recently suggested [16]. 
Figure 1A is a representative autoradiograph of normal human 
leukocyte DNA (lane 1) versus normal canine leukocyte DNA 
(lanes 2-6) after Sac I digestion. Figure 1B is a representative auto-
radiograph of normal dog leukocyte DNA (lane 1) vs normal dog 
skin DNA (lanes 2-6) after Sac I digestion, which demonstrates 
that the same germline pattern is seen in both blood and cutaneous 
specimens. 
Southern Blot Analysis ofTCR in Canine MF Each of seven 
dogs studied had germline digest patterns in their peripheral blood 
similar to the other normals studied above. Southern blot analysis of 
lesional canine MF from eight cases is summarized in Table II. 
Seven of eight dogs were found to have new bands and deletions of 
germline bands with at least two of the restriction endonucleases 
employed. U nlike human MF, where the typical enzymes to detect 
clonally rearranged TCR genes are Bam HI, Eco RI, and Hind III 
[3], dog rearrangements were best detected with Bgi II, Eco RI, Eco 
RV, and Sac I, whereas deletions were detected with Bgi II, Sac I, 
Bam HI, andEco RV. Figure 2A is anEco RI digest of case 4, which 
demonstrates the presence of clonal T-cell DNA with a rearranged 
band in the digest oflesional DNA (lane 3) as compared to germline 
digests from canine peripheral leukocytes in lanes 2 and 4 vs human 
leukocyte DNA in lane 1. Figure 2B is a Sac I digest of case 4, which 
similarly demonstrates a clonal rearrangement in the lesional speci-
men (lane 2). 
DISCUSSION 
MF or CTCL is a slowly progressive dermatosis characterized by 
epidermotropic, clonal CD4+ T cells. Diagnosis of CTCL often 
requires the histopathologist to call upon adjuvant techniques of 
immunophenotyping ofT-cell antigens as well as Southern analYSis 
to detect clonal expression of rearranged T-cell receptor genes 
within lesional skin [1,3]. 
We have recently reported that canine MF shares a number of 
clinical, immunophenotypic, and ultrastructural characteristics 
with human CTCL [11]. In the current report we demonstrate that 
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Figure 1. Southern blot demonstrating sequence homology for the T-cell receptor P chain, con~tant region between human and canine species. A) Lall.e 1, Sac 
I digest of normal human leukocyte DNA (arrows Oil left); I~II.e 2-6, Sac I dlgest~ ~f nor~al carune leukocyte DNA from five unrelate~ dogs (bars Oil nght) . A 
unique germline digest profile for the dogs versus human IS Illustrated by reactiVity with .the human cDNA probe to the TCR P cham constant region (see 
Materials and Methods) . B) Latles 1,3,5, normal dog leukocyte DNA; [atl es 2,4,6, normal skm DNA from the same three animals also after Sac I digestion and 
TCR P hybridization. Specimen 4 was destroyed in processing. Note identical germline bands in blood and skin samples. 
clonal TCR gene rearrangements are also present in canine MF of 
both CD4 and CDS phenotype, furthering the similarity with 
human CTCL. Not only does TCR clonality further support canine 
MF as a model of human CTCL, but our method of Southern 
analysis has allowed us to conclude that the canine TCR P chain 
gene is significantly homologous to the huma~ TCR P gene .. In 
these studies a cDNA probe to the TCR p cham constant region 
(cloned from the Jurkat, human T-cell line [19]) was used to dem-
onstrate clonality within the T-cell infiltrate. This probe readily 
recognized both normal and canine MF T-cell DNA sequences, 
suggesting evolutionary conservation. Further confirmation is 
presented in the demonstration of canine lymphocyte reactivity 
with a monoclonal antibody specific for the human TCR Cpo Ex-
pression of this protein antigen implies that there is sufficient se-
quence hO.m.ology between species to result in protein sequence 
cross-reactivity. However, as only a minority of canine lymphocytes 
expressed this antigen, there may be greater homology between the 
human Cp and the dog TCR p chain at the genomic level than the 
"hidden" determinant recognized by the PF-1 antibody in humans 
as compared to the dog [19,20]' In our experience, anti-human 
Table II. Imrnunogenotyping of Canine MF Cases 
Case Number Bam HI Eco RI' Hind III SacI Pst I Bglil Msp I EcoRV 
1. Skin D G G R G G G ND 
1. Bloodb G G G G G G G ND 
2. Skin D D D D G R D R,D 
2. Blood G G G G G G G G 
3. Skin ND R G R G G ND ND 
3. Blood G G G ND G ND ND ND 
4. Skin G R G R G D ND R 
4. Blood G G G G G G ND G 
5. Skin G G G G G D ND R 
5. Blood G G G G G G ND G 
6. Skin G G D D D D ND G 
7. Skin G G G G G G ND G 
7. Blood G G G G G G ND G 
8. Skin G R G D G G ND G 
8. Blood G G G G G G ND G 
• G, germline only; R, rearrangement present; 0, deletion of normal germline band(s); NO, not done. 
I The results expressed are of Southern blot analysis with a cDNA probe which is homologous to the human TCR P chain constant region from samples of peripheral blood 
leukocyte (buffy coat) and canine fungoides lesional skin DNA. 
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Figure 2. Southern blot demonstrating clonal rearrangement of the T-cell 
receptor fJ chain, constant region in canine mycosis fungoides. A) a~ Eco RI 
digest of case 4, wluch shows normal human germlllle pattern III lalle 1 
(arrowll eads), a rea~ranged canine digest pattern in lalle 3 (arrow), and canine 
germline DNA dIgests III lanes 2 and 4 (bars). B) a Sac I dIgest of case. 4, 
w hich also shows a rearranged band (arrow) 111 lalle 2 and normal germhne 
DNA digests in lallfS 1 and 3. 
monoclonal antibodies often poorly crossreact with comparable ca-
nine specimens and oftentimes require several times higher dilu-
tions to provide adequate immunostaining resul ts. 
Conservation of TCR genes, although not unexpected , was im-
portant to confirm for the dog, as we have proposed, that canine MF 
is potentially useful as both a therapeutic and biologic model to 
study human CTCL. Another group has also recently shown se-
quence homology between dogs and humans for the TCR fJ chain 
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[1 6]. The dog has some 43 pairs of chomosomes and these demon-
strations, which suggests sequence homology, will make further 
molecular analysis of canine MF possible. It will be necessary to 
delineate whether otherTCR genes (e.g., TCRa, g, y) are similarly 
conserved as well as to see whether preferential rearrangement pat-
terns and variable chain (V fJ) usage are present, as have been recently 
suggested in some cases of human CTCL [21]. Future studies will 
focus on sequencing the canine TCR gene(s) to further document 
the immunologic similarities between dogs and man. 
In summary, we have shown that theTCR CfJchainis evolution-
arily conserved between dog and man. We have shown that canine 
MF is similar to human MF in that both are characterized by clonal 
cutaneous infiltrates of atypical T cells. This spontaneous tumor of 
pet dogs should prove to be a useful model to study both tumor 
biology as well as therapeutics in CTCL. 
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